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Chicken host defense peptides : introduction
 1994: 3 gallinacins, first defensins isolated from granules of chicken 
heterophils 1,2
• 30 to 50 AA, 6 cysteins highly conserved (involved in 3 disulfide 
bridges), cationic molecules.
• Antibacterial activity towards Listeria monocytogenes, E. coli, S. 
aureus, Candida albicans.
 In all birds : Avian ß-Defensins (AvBDs); no alpha defensins; some 
cathelicidins.
 In chicken: cluster of 14 AvBD genes on chromosome 3 3. 
1 Evans et al,1994, J Leukoc Biol;
2 Harwig et al, 1994, FEBS Letters;
3 Gallus gallus genome sequence consortium, 2004, Nature.
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Chicken defensins : protein sequences
Zhang and Sunkara, 2014, Pharmaceuticals.
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Chicken defensins: expression
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Male chickens, 3 weeks old (broilers)
Lynn et al, 2004, Immunogenetics
 In tissues
AvBD2 gene expression
E-cadherin Villin
Derache et al, 2009, Dev Comp Immunol.
 In intestinal epithelial cells
Peptide map of chicken heterophils
by ICM/MS
Derache C. et al, 2009, Antimicrob Agents Chemother.
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 In the bone marrow: high expression of AvBD genes 
and site of granulopoiesis
Chicken defensins: expression
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Purification of defensins from chicken 
bone marrow
• Extraction with acetic acid (10%) and gel filtration (<10kDa) 
Chromatographic profile
M/S data (MALDI-TOF)
In A : AvBD1 (4500 Da)
In B : AvBD7 (5350 Da)
In C : AvBD2 (3916 Da)
• Final purification by RP-HPLC
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Derache C. et al, 2009, Antimicrob Agents Chemother.
Top-down analysis by M/S of fractions A, B et C
Structural analysis by MS: various peptidoforms
A
C
B
Presence of natural peptides, full-length or truncated (N and/or C-ter), of 
AvBD1, AvBD2 and AvBD7 in the bone marrow.
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3D-structure of AvBD2
• Peptide preparation: solid phase synthesis of AvBD2 (A. Delmas, CNRS, 
Orléans, France) or peptide extraction and purification from chicken BM.
• Synthetic AvBD2 oxidative folding (30 min in Tris 120 mM pH 8,6; EDTA: 1 mM
final; AvBD2(20µM)/GSSG/GSH: 1/10/100).
• Analysis by NMR (C. Landon, CNRS, Orléans, France).
C
N
Derache C. et al, 2012, J Biol Chem.
ß-sheet, 3 antiparallel 
strands, 3 bridges (C1-
C5; C2-C4; C3-C6), no N-
ter α-helix.
Synth. AvBD2 
Nat. AvBD2
Superimposition 
of NMR spectra
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• solved by NMR (Collab: C. Landon, CNRS, Orléans, France)
Bailleul G. et al, 2016, PLOS One.
R12
N
C
Surface of the N-ter extremity: in grey.
Buried residues: in purple
• N-ter extremity covers 
C-ter extremity, 
reducing molecular 
access.
• N-ter extremity 
stabilized by a salt 
bridge (D9-R12).
3D-structure of AvBD7
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Analysis by radial diffusion assay
• Radial diffusion assay in agarose 
containing the bacterial strain
MIC
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Lehrer et al, 1991, J. Immunol. Methods
• Measurement of the diameter 
of the inhibitory zone
Antibacterial measurement
Bacterial strains
MIC in M
MSI94 AvBD1 AvBD2 AvBD7
B. subtilis 0.73 0.19 0.28 0.21
B. cereus 0.32 0.21 0.47 0.20
S. aureus 0.34 0.08 0.42 0.11
L. monocytogenes 0.41 0.26 0.22 0.31
S. Enteritidis 0.32 0.17 0.80 0.16
S. Typhimurium 0.37 0.15 2.39 0.21
E. coli 0.59 0.27 0.72 0.28
K. pneumoniae 0.26 0.10 0.71 0.32
Antibacterial activities: in the micromolar range. 
Large antibacterial spectrum: Gram+ and Gram-.
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Derache C. et al, 2009, Antimicrob Agents Chemother.
Unpublished results.
APEC APEC
0,00
1,00
2,00
3,00
MIC in µM
AvBD2 AvBD7
Efficiency against avian pathogenic field strains
• Using avian pathogenic E coli (APEC) veterinary clinical isolates from France 
(collection of C Schouler, ISP, INRA, France)
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• Activity towards Salmonella Typhimurium LT2 strains, exhibiting various ATB 
resistance (collection of B Doublet, ISP, INRA, France)
Unpublished results.
0,00
1,00
2,00
3,00
4,00
MIC in µM
AvBD2 AvBD7
Efficiency against Salmonella strains resistant to 
conventional antibiotics
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Defensins and resistance of chicken to Salmonella
• Salmonellosis: Major food-borne bacterial disease (eggs, poultry meat) 
and 2nd zoonosis (European Food Safety Authority, 2016).
• Poultry: asymptomatic intestinal carriage of Salmonella Enteritidis
(caecal colonization, shedding, transmission to the food chain).
• Comparison of Salmonella colonization in caecum between lines of 
laying hens inoculated with Salmonella (108 CFU / animal / oral route).
Line 6 Line 15
Log CFU/g   Positive
animals
Log CFU/g   Positive
animals
4.37  0.53 5.03  0.507/7 7/7
0.96  0.14 2.25  0.446/6 8/8
ND ND0/8 4/6
Weeks
pi
4
2
1
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Line 6 resistant R / Line 15 susceptible S to Salmonella carriage.
Sadeyen J.R. et al, 2006, Microbes and Infection
Resistant animals to Salmonella intestinal carriage 
express more AvBD1 et AvBD2 in the caecum.
AvBD2
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Defensins and resistance of chicken to Salmonella
.018
AC Lalmanach/ Chicken defensins Tunis, September 2019
• Comparison of defensins expression in the caecum between susceptible 
and resistant laying hens
Sadeyen J.R. et al, 2006, Microbes and Infection
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• In the intestine of mammals:
Presence of serine proteases:  trypsin, chymotrypsin, elastase, 
Presence cysteine proteases: cathepsins.
• In the chicken intestine : Immuno-detection of cathepsins by Western Blot 
from intestinal protein extracts  (F. Lecaille and G. Lalmanach, UMR1100 INSERM, 
University of Tours).
J= jejunum; I= ileum; To= caecal tonsils; C= caecum;
T+ : Human cathepsins used as positive control.
Bailleul G. et al, 2016, PLOS One
Defensins and intestinal proteolytic enzymes
.020
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Identified proteins To C I J To C I J To C I J
AvBD2 4 3 5 4 100 100 100 100 197.4 259.4 30.8 67.4
AvBD7 3 3 2 2 100 100 100 100 4.5 2.6 2.8 1.6
Cat D precursor, [Gallus gallus] 3 3 3 0 100 100 100 42 0.6 0.1 0.5 0
Cat B, [Homo sapiens] 1 0 1 0 98 99 100 99 0.1 0 0.1 0
Cat B precursor, [Gallus gallus] 0 0 1 1 0 98 100 98 0 0 0.1 0.2
AvBD1 precursor 1 1 0 1 86 84 99 99 0.8 0.3 0 0.6
Cat H, [Gallus gallus] 1 0 0 0 99 32 38 33 0.2 0 0 0
Cat L , [Homo sapiens] 1 0 0 0 100 27 0 0 0.1 0 0 0
• In the chicken intestine: Protein analysis by bottom-up MS (nanoLC-MS/MS)
Number of 
Unique Peptides 
Protein Identification 
Probability 
Exponentially modified 
protein abundance index 
Co-detection of avian defensins AvBD2 and AvBD7 
with cathepsins in caecal tonsils. 
Defensins and intestinal proteolytic enzymes
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• Effect of cathepsins on AvBDs: Analysis by RP-HPLC of the reaction AvBDs-
cathepsins (incubation 4h at 30°C, ratio E:S of 1:100; RP-HPLC using C18 column)
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Ile4-AvBD7 = 
peptidoform 2
AvBD2 is susceptible to Cat B, L, S and K, but resistant to trypsin, 
chymotrypsin, elastase, Cat D and Cat H.
AvBD7 resists to all tested proteases, except to Cat K which cleaves 3 N-
ter amino acids (=peptidoform 2, natural).
Defensins and intestinal proteolytic enzymes
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• Functional analysis of AvBD7 truncated by cathepsin K:
Bacterial strains AvBD7
Ile4-AvBD7 
(peak n°4)
Streptococcus salivarius
0.69
(0,35–1,02)
0,98
(0,27–1,69)
Listeria monocytogenes
1,55
(0.07–3,03)
0,16
(0.07–0,25)
Staphylococcus aureus
0,45
(0.03–0,87)
>9,19
Escherichia coli 
0,99
(0.93–1.05)
0,54
(0.40–0.68)
Salmonella Typhimurium LT2
2,59
(1,73–3,45)
1,4
(0,06–2.74)
Pseudomonas aeruginosa
0,7
(0.26–1.14)
0,24
(0.20–0.28)
Only Cat K cleaves AvBD7 and the truncated form of AvBD7 is active 
against pathogenic enterobacteria.
Bailleul G. et al, PLOS One, 2016
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Defensins and intestinal proteolytic enzymes
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 Natural peptides of epithelia and bone marrow.
 Large spectrum antibacterial activity (including MDR isolates).
 Involved in the phenotype of resistance to Salmonella colonization.
 Compact structure conferring resistance to proteolysis (++ AvBD7).
AvBD2 and AvBD7 are therapeutic candidates
Favourable features of avian defensins to a 
therapeutic potential
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Assessment of therapeutic potential of AvBDs
• Analysis of bio-distribution of fluorescent AvBD7 following peritoneal injection
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Imaging in vivo with IVIS Spectrum (Perkin Elmer)100 µg of AvBD7 labelled 
with CF750, (i.p. route)
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24H
Assessment of therapeutic potential of AvBDs
• Measurement of AvBD7 fluorescence in collected organs
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Ctrl   AvBD7 3h  AvBD7 6h  
Ctrl   AvBD7 24h  
Bailleul G. et al, Frontiers in Microbiology, 2019
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Assessment of therapeutic potential of AvBDs
• Measurement of AvBD7 fluorescence in collected peritoneal cells
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AvBD7 is associated with peritoneal cells.
Monocytes/macrophages are the most abundant peritoneal cells.
Bailleul G. et al, Frontiers in Microbiology, 2019
AvBD2 or AvBD7 are not cytotoxic at 30 µM.
Avian macrophages (HD11)
* *
Assessment of therapeutic potential of AvBDs
• Effect of AvBDs on macrophages viability:
.029
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Bailleul G. et al, Frontiers in Microbiology, 2019
AvBD7 penetrates inside macrophages.
Assessment of therapeutic potential of AvBDs
• Effect of AvBDs on macrophages:
.030
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RAW264.7 cell line 
+ AvBD7 labelled with 
Fluoprobe 488, 
5 µM, 1h.
Cells fixed on a glass slide;
Actin labelled with 
rhodamine phalloidin, 
Nucleus labelled with DAPI. 
Confocal microscopy
A
µm0 50
10 µm
B
Actin
Nucleus
AvBD7
Bailleul G. et al, Frontiers in Microbiology, 2019
AvBD7 inhibits intracellular bacterial multiplication.
Assessment of therapeutic potential of AvBDs
• Effect of AvBDs on macrophages infected by Salmonella:
.031
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Infection by 
S.Typhimurium DT104 
(5.106CFU/well, MOI=10), 
for 1 h; add gentamicine
Confocal microscopy / 
Cell lysis, serial dilutions, 
plating on agar and 
colonies counting after 24h.  
RAW 264.7 cell line 
+ AvBD7 at 3 or 30 µM, 
for 1h; 5 x washes
Actin
Nucleus
AvBD7
A
10 µm
S. Typhimurium
*
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Bailleul G. et al, Frontiers in Microbiology, 2019
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Inoculation (i.p.) :
100 CFU/mouse 
(Salmonella Typhimurium, 
DT104, MDR)
1st treatment (i.p.) : 
100µg AvBD7/mouse  
or neg control (H2O)
2nd treatment, 2 h 
after, 100µg AvBD7/ 
mouse or neg
control (H2O)
1st experiment: sacrifice of mice at 3, 6 and 24h post inoculation 
to collect organs and measure bacterial burden.
2nd experiment: recording of symptoms and of mice survival 
during 10 days.
10 mice / experiment / group (AvBD7 or H2O).
BALB/c mice
AvBDs: therapeutic trial in mice
• Effect of AvBD7 in vivo in a murine model of systemic salmonellosis
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AvBD7 reduce bacterial load in the liver.
0,00E+00
1,00E+03
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3h 6h 24h
H20
AvBD7
Peritoneal wash Spleen
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Liver
*
1,0E+00
1,0E+01
1,0E+02
1,0E+03
3h 6h 24h
H2O
AvBD7
p<0.05
• Measurement of bacterial load in tissues (1st experiment)
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AvBDs: therapeutic trial in mice
Bailleul G. et al, Frontiers in Microbiology, 2019
Days post inoculation
100
100
AvBD7 treatment reduce mortality in the murine model of salmonellosis.
Significant difference between 
curves : P<0.05, log-rank test.
AvBD2 without significant effect 
(data not shown)  
• Measurement of mice survival (2nd experiment)
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AvBDs: therapeutic trial in mice
Bailleul G. et al, Frontiers in Microbiology, 2019
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Positive
Negative
Natural defense molecules
Evolution with living organisms
High molecular stability
Broad antibacterial spectrum
Improve survival of animals infected by Salmonella
Reduce bacterial colonization in vitro et in vivo
(Les propensity to induce bacterial resistance)
Evolution linked to a physiological context, far from a 
therapeutic context.
Ability of some pathogens to adapt to AMPs.
Structural properties making difficult recombinant 
production strategy/ large-scale production.
AvBDs as therapeutic alternatives to antibiotics: 
Positive and negative points to consider
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 Immuno-modulating properties of AvBDs? Wound healing?
 Anti-viral activity of AvBDs (Avian influenza)?
 Combination therapy in poultry?
 Mucosal stimulation of endogenous AvBDs production in poultry (by 
food additives …)?
Chicken defensins : perspectives
.038
AC Lalmanach/ Chicken defensins Tunis, September 2019
Acknowledgements
UMR ISP
A.C. Lalmanach
J.R. Sadeyen
C. Derache
G. Bailleul
A. Joulin-Giet
N. Lallier
N. Chanteloup
A. Trotereau
R. Guabiraba
C. Schouler
J. Trotereau
I. Payant
B. Doublet
Plateforme PAIB2
G Harichaux
L. Combes-Soia
A-P. Teixeira
V. Labas
Plateforme PFIE
P. Cousin
B. Campone
E. Guitton
M. Chahnamian
C. Beaugé
P. Sarradin
European Union funding, Era-Net EMIDA program 
“HealthyGut” consortium (coord P. Barrow, UK), 2011-2014.
UMR 1100, CEPR, 
INSERM-Univ. F. Rabelais, 
Tours, 
A. Kravtzoff
F. Lecaille
G. Lalmanach
UPR CBM, Orléans
RMN
H. Meudal
C. Landon
K. Loth
Chimie des peptides
V. Aucagne
A. Delmas
.039
AC Lalmanach/ Chicken defensins Tunis, September 2019
